Due to the rapid adoption of Building Information Modeling (BIM) in the architecture, engineering and construction (AEC) industry, many construction management (CM) programs in the US have introduced BIM in their curriculum. Previous research has revealed that most of the BIM courses offered in CM programs have mainly focused on modeling skills as well as BIM applications in scheduling and estimating. While these topics appear to be important to apply BIM technology, students will not be able to fully understand the BIM process in a construction project without knowing the fundamental workflow of BIM. This paper presents a modular BIM course which was developed to help CM students better understand the BIM workflow and focuses on advanced uses of BIM in construction projects. The course contains three modules: BIM workflow, basic BIM applications, and advanced BIM applications. The BIM workflow module discusses how BIM is addressed in project delivery method, contract, the execution plan, and team building. The basic BIM applications module explains the typical BIM applications in coordination, scheduling, estimating, logistics, visualization, etc. The advanced BIM applications module demonstrates the latest technology advances in the AEC industry that utilizes BIM applications, including laser scanning, virtual reality, and mixed reality. The course objectives and assessment methods ensure that CM students' understanding of BIM will be considerably improved from as a modeling tools or software program to an efficient process, and their insights into BIM will be significantly broadened beyond the existing 3D, 4D, and 5D applications. The highly positive course evaluation demonstrates the effectiveness of these approaches in meeting course objectives, delivering course materials, as well as raising students' interest. This paper will serve as a case study of an advanced level BIM course in CM programs.
Introduction
The rapid adoption of Building Information Modeling (BIM) in the architecture, construction, and engineering (AEC) industry that has led to an increasing integration of BIM into construction management (CM) programs in the US Offering new BIM courses is one popular approach that many CM programs have employed to incorporate BIM contents into their curriculum. While introducing BIM in new courses is an effective method to quickly cover BIM components, the new courses often focus on specific modeling skills and analysis tools of BIM applications, such 4D scheduling and 5D estimating. Recent research, however, has argued that only knowing how to use BIM applications is not a true understanding of BIM and is in fact far from the expectations of being effective BIM users. It was also believed that without knowing the fundamental workflow of BIM, CM students will not be able to fully understand and utilize BIM to manage the construction process.
This paper presents a newly-developed BIM course that aims to help CM students better understand the BIM workflow in a construction project and utilize BIM to manage the construction process. The course introduces advanced uses of BIM in construction projects and thus requires some BIM exposure in previous CM courses. The course is divided into three modules: BIM workflow, basic BIM applications, and advanced BIM applications. Each of the three modules was distinctly separated but closely connected to complete the course. The BIM workflow module discusses how BIM is addressed in project delivery method, contract, the execution plan, and team building. The basic BIM applications module explains the typical BIM applications in 3D coordination, 4D scheduling, 5D estimating, logistics, visualization, etc. The advanced BIM applications module demonstrates the latest technology advances in the AEC industry that utilizes BIM applications, including laser scanning, virtual reality, and mixed reality. This course will considerably improve CM students' understanding of BIM as a process instead of a modeling tool or software program and significantly broaden their insights into BIM beyond the existing 3D, 4D, and 5D applications. This paper will serve as a case study of an advanced level BIM course in CM programs. tual structure. CM students with little or no previous experience often face challenges and must spend more time interpreting 2D CAD drawings [2] .
Using BIM as a pedagogical tool in CM education can assist students in understanding the complexity of construction projects in both the process and product [3] [4] . In addition, many CM students are aware of BIM as the emerging technology used in the industry and have the expectations of learning the latest and most essential paradigm in a CM program [5] . As a buzzword in the AEC industry, however, BIM sometimes misleads CM students to see it as a software program or an acronym for 3D design and modeling. The benefits of BIM in sharing and simulating construction information have often been overlooked in a CM curriculum [6] [7] . Recent research has pointed out that only knowing how to use BIM applications is not a true understanding of BIM and is in fact far from the expectations of being effective BIM users. Without knowing the fundamental workflow of BIM, CM students will not be able to fully understand and utilize BIM to manage the construction process [8] .
BIM Adoption
To better equip students with the capabilities demanded by the AEC industry, many CM programs have incorporated BIM contents into their curriculum [9] .
Various teaching methods and course layout have been used in different CM programs to introduce BIM [10] [11] [12] . In general, most CM programs offer BIM in one to three courses and limit its coverage within a single discipline [12] [13].
The implementation strategies include introducing BIM as standalone courses, utilizing cross-discipline BIM courses, adding BIM labs in capstone/project courses, and integrating BIM into existing courses [14] .
Pavelko and Chasey performed a survey of 59 construction programs that were members of the Associated Schools of Construction (ASC) and the American Council for Construction Education (ACCE). The results indicated that 70% of the respondents had covered BIM in their curriculum, of which most were on 3D coordination (82%), about half on 4D scheduling (46%), and a third on 5D estimating (35%) [7] [15]. Becerik-Gerber et al. expanded the pool to 26 CM programs that were members of the Accreditation Board for Engineering and Technology (ABET). The findings showed that 60% of them had some BIM components in their curriculum, mostly in one or two elective courses [4] [16] , and the most-taught topics were constructability, scheduling, estimating, design, and visualization [7] [16]. Joannides et al. surveyed 70 construction programs that were ACCE members and received 35 responses. The results suggested that 83% of them had included BIM in their curriculum with the majority (55%) in one to two courses [9] . The most popular topics were still 3D coordination (37%), 4D scheduling (25%), and 5D estimating (20%) [9] .
BIM Courses
Offering new BIM courses is one popular approach that many CM programs [22] .
In general, while introducing BIM in new courses is an effective method to quickly cover BIM components, these new courses often focus on specific modeling skills and analysis tools of BIM applications, such 4D scheduling and 5D
estimating. To effectively utilize BIM tools to manage the construction process, fully understanding the BIM workflow in a construction project is of equal importance to CM students [8] . Some existing BIM courses ignored the BIM workflow and as a result, CM students had seen BIM simply as 3D design and modeling or just as a software program without recognizing its benefits in sharing and simulating construction information [6] [7].
BIM Challenges
Although there are various strategies to introduce BIM, to have BIM fully implemented in CM curriculum, many challenges still exist within the CM programs, the academia, and the AEC industry. Most of the challenges are from the faculty, students, and resources of CM programs:
1) Lack of available faculty to teach BIM [4] [7] [16] . Due to the high demand of BIM experts in the AEC industry, CM programs may not be able to hire competent new faculty who have been specifically and extensively trained with BIM in their education or industry experience. To many current CM faculty and particularly senior faculty, BIM is a new technology that requires a large amount of time to get familiar and then proficient. It takes even more faculty time to make curriculum changes to incorporate BIM components [16] . For many teaching-focused CM programs, the number of full-time faculty is often small, and they usually work full-load with teaching and advising. It is particularly difficult for them to develop and teach additional topics on BIM.
2) Lack of student interest or willingness to learn BIM [4] [6] [7] [23] [24]
[25] [26] [27] . BIM has a very steep learning curve compared to the traditional CAD drafting and it is also rather challenging for students to self-learn without guidance [22] . Students with previous exposure to CAD may experience difficulties in the transition and students without a clear understanding of building systems and construction methods may encounter a variety of problems in using BIM [6] . [25]. CM faculty may be unwilling to incorporate BIM into the existing curriculum since the current course provides sufficient materials and the attempt to change requires much effort and many resources [25] . In addition, the proficient use of BIM takes repetition and practice, which is difficult to achieve in the current lecture-lab settings due to time constraints [21] . On some BIM topics, it takes so much time to cover the technical skills that there is very little time remaining for their applications in practice [26] .
Other challenges of implementing BIM in CM curriculum come from the CM academia and the AEC industry:
5) No requirements of BIM in ACCE or ABET accreditation criteria has been identified as another challenge from the CM academia [4] [7] [16] . Most CM programs are accredited through ACCE or ABET and their curriculum strictly follows the accreditation criteria. Both agencies have not specifically indicated having a BIM course as an accreditation requirement [16] . Currently, most CM programs apply BIM components in the category of computer applications or information technology of the accreditation criteria since BIM topics utilize a variety of computer programs [6] . Without formal accreditation requirements, some CM programs just lack the motivation and incentive to incorporate BIM into the curriculum.
6) Although the demand of BIM professionals is high in the AEC industry, unclear and inconsistent expectation of BIM skills on CM graduates has been considered a challenge that prevents some CM programs from introducing BIM to the curriculum [12] .
In addition, lack of textbooks, tutorials, or models to teach BIM [4] [6] [7] [12] [23] was also identified as a main issue when BIM was first introduced into CM programs a decade ago. After over ten years of development, this is no longer a challenge since various textbooks and tutorials have been authored and many AEC firms have shared their projects and models with CM programs interested in introducing BIM to the curriculum. 
Course Objectives
The course objectives were developed to match the CM curriculum needs in BIM contents and in the meanwhile align with the six levels of cognitive learning process in Bloom's Taxonomy, as illustrated in Figure 1 . Anderson et al. revised the original taxonomy and defined the cognitive learning process as "remember, understand, apply, analyze, evaluate, and create" from lower-to higher-order thinking skills [28] . As shown in Table 1 , five course objectives were developed for the three course modules. The BIM workflow module aims for Objective 1 "Understand BIM" and Objective 2 "Describe Levels of Development (LOD) and BIM Execution Plan", both of which belong to lower-level cognitive learning process "remember" and "understand". The basic BIM applications module aims for Objective 3 "Perform BIM applications", which covers mid-level cognitive learning process "apply" and "analyze", and Objective 4 "Apply BIM in project" which contains higher-level cognitive learning process "evaluate" and "create".
The advanced BIM applications module aims for Objective 5 "Demonstrate BIM advances", covering lower-to mid-level cognitive learning process "understand"
and "apply". Table 2 presents the course topics associated with their respective objective in each course module. The course topics were scheduled based on a standard 15-week semester with 2 weeks reserved for exams, presentations, and holidays, which leaves 13 full weeks of classroom instruction. The course topics include a combination of lectures, computer labs, demonstrations, and hands-on equipment operation.
Course Layout

BIM Workflow Module
The BIM workflow module takes the first four weeks of the course covering the most important topics pertaining to how to start a construction project with BIM included as a management tool, as detailed in Table 2 . These topics have often been overlooked when BIM is introduced in a CM curriculum but are actually a critical component of knowledge for students to understand the role of BIM in a construction project. The module starts with an introduction of the value of BIM, followed by selecting the appropriate project delivery method and contract for BIM. Design-build and CM at risk as well as the new Integrated Project Delivery method have been considered to have the capability of leveraging BIM tools and practices [29] . Professional organizations such as American Institute of Architects (AIA), Associated General Contractors of America (AGC),
and Design-Build Institute of America (DBIA) have specific BIM contracts available for commercial use (AIA E203, ConsensusDocs 301, and DBIA E-BIMWD) [29] . The module further explains in detail the Levels of Development (LOD) and the components of a BIM Execution Plan, followed by different roles in a
BIM team and what to expect in the BIM kickoff meeting. Overall, the BIM workflow module forms the foundation of the course and is critical for CM students to fully understand the BIM process in a construction project.
Basic BIM Applications Module
As introduced earlier, the CM curriculum has already integrated BIM contents in several courses, and thus most CM students have had exposure to basic BIM tools. As a result, the basic BIM application module focuses on refreshing on these basic applications by applying them in project-based scenarios. The basic BIM applications module follows the BIM workflow module and takes the next five weeks out of the 13-week course schedule, as presented in Table 2 The BIM software used in the lab sessions are the most popular commercial packages that are being used widely in the AEC industry. When students complete the first two modules, they will be well-equipped to meet the expectations of future employers as an effective BIM user.
Advanced BIM Applications Module
The advanced BIM applications module aims to introduce and demonstrate the latest technology advances in the AEC industry that utilize BIM applications.
This module follows the basic BIM applications module and takes the last four weeks of the course. Based on the research areas of the instructor, four topics are selected for this module including laser scanning, real-time walkthrough, virtual reality (VR), and mixed reality (MR), as shown in Table 2 . 
Course Assessment
The course uses a weighted grading system with six categories including participation (15%), three assignments (15%), seven labs (20%), one exam (15%), final project (20%), and final presentation (15%). Labs and the final project weight 5% more than the other four categories because they include more tasks, cover longer duration of the course, and require more efforts to complete. Participation, assignments, exam, and the final presentation weight the same as they contribute roughly the same to the course and require a similar amount of efforts.
Participation is graded specifically for hands-on operations such as laser scanning, VR and MR experience.
Each course objective is assessed against the assessment criteria presented in Table 3 by at least two assessment methods. Objective 1 "Understand BIM" is assessed by two assignments and the exam to evaluate students' ability to define BIM, describe the benefits of BIM, and identify the appropriate delivery methods and contract for BIM. Objective 2 "Describe LOD and BIM Execution Plan" is assessed by one assignment, the final project, and the final presentation to evaluate students' ability to differentiate LODs, prepare a BIM Execution Plan from a template, and form an effective BIM team to present the plan. Objective 3 "Perform BIM applications" is assessed by the exam and five labs to evaluate students' ability to describe different BIM applications in CM, identify the BIM tools needed, and perform project analysis with BIM tools. Objective 4 "Apply BIM in project"
is assessed by the same five labs, the final project, and the final presentation to evaluate students' ability to justify the use of BIM in project-based scenarios and apply BIM to solve real-world CM problems. Objective 5 "Demonstrate BIM advances" is assessed by participation of hands-on operations and two labs to evaluate students' ability to describe the latest advances in BIM and operate the advanced equipment effectively.
Course Evaluation
This course is evaluated based on student performance and feedback by the end Journal of Building Construction and Planning Research  The classes are extremely interesting with all of the tech we get to use hands on.
The instructor does a very good job at thoroughly explaining the processes in BIM labs, and his interest and enthusiasm for BIM makes it even more enjoyable.  This is a great class to get advanced knowledge in construction software, and I highly recommend taking the course to everyone.
Conclusions
As the rapid adoption of BIM in the AEC industry, many CM programs in the This paper presents a modular BIM course that aims to help CM students better understand the BIM workflow in a construction project and utilize BIM to manage the construction process. The course focuses on advanced uses of BIM in construction projects and includes three modules: BIM workflow, basic BIM applications, and advanced BIM applications. Five course objectives were developed to match the CM curriculum needs in BIM contents and align with the six levels of cognitive learning process in Bloom's Taxonomy. In each course module, specific course topics were introduced and associated with a course objective. The course objectives and assessment methods ensure that CM students' understanding of BIM will be considerably improved from as a modeling tools or software program to an efficient process, and their insights into BIM will be significantly broadened beyond the existing 3D, 4D, and 5D applications. The highly positive course evaluation demonstrates the effectiveness of these approaches in meeting course objectives, delivering course materials, as well as raising students' interest. This paper will serve as a case study of an advanced level BIM course in CM programs.
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